Structural analogs of biologically active compounds have, in many instances, proven to be useful reagents or probes for studying biological processes. This is especially true of nucleotide analogs because of their major role in the control and regulation of cellular events. Following the pioneering work of Westheimer and colleagues (1-3), several investigators have recently used a variety of photo-affinity reagents to investigate the binding of various ligands to proteins (4-10). The advantages that photo-affinity reagents have over conventional reagents have been discussed by Knowles (11). These considerations indicated that a photo-affinity analog of ATP would be useful for isolating and identifying the ATP binding and/or hydrolyzing sites of various ATP utilizing systems. Therefore, a photo-activated ATP analog, 8-azido adenosine triphosphate has been synthesized and tested to determine its use as an enzyme and membrane structure probe. A brief account of this work has been previously presented (12). 
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Structural analogs of biologically active compounds have, in many instances, proven to be useful reagents or probes for studying biological processes. This is especially true of nucleotide analogs because of their major role in the control and regulation of cellular events. Following the pioneering work of Westheimer and colleagues (1-3), several investigators have recently used a variety of photo-affinity reagents to investigate the binding of various ligands to proteins (4) (5) (6) (7) (8) (9) (10) . The advantages that photo-affinity reagents have over conventional reagents have been discussed by Knowles (11) . These considerations indicated that a photo-affinity analog of ATP would be useful for isolating and identifying the ATP binding and/or hydrolyzing sites of various ATP utilizing systems. Therefore, a photo-activated ATP analog, 8-azido adenosine triphosphate has been synthesized and tested to determine its use as an enzyme and membrane structure probe. A brief account of this work has been previously presented (12) .
MATERIALS AND METHODS
8-Azido-adenosine triphosphate (N3ATP) was synthesized as follows: N3AMP was prepared (80% yield) by heating 8- Abbreviations: UV, ultraviolet; EGTA, ethyleneglycol bis(,Baminoethyl ether)N-N'-tetraacetate. * (14) . N3ATP and N3ADP are more sensitive to chemical breakdown than N3AMP. This is probably due to the interaction of the phosphates with the azide. Hemoglobin-free ghosts (erythrocyte membranes) were prepared from freshly drawn, heparinized, human blood and stored at -200 as previously described (15 distance (energy output = 15 ergs/mm2 per sec). The solutions being photolyzed (volume = 0.2-0.4 ml) were in glass serology plates which were kept cold by being partially immersed in an ice-water bath. Adenosine was added to maintain a relatively constant absorbance which prevented unequal inactivation due to unequal absorption of UV light by the ghosts. The solutions were mixed at 5-min intervals with an air stream. After photolysis the ghosts were washed at least twice with 10 ml of ATPase assay medium (see Fig. 2 legend) before being assayed for ATPase activity or prepared for gel electrophoresis. Gel electrophoresis and autoradiography were done as previously described (6, 17 the N3ATP concentration effects on the rates of hydrolysis by the ouabain-sensitive and insensitive components. Table 1 shows the ouabain-sensitive hydrolysis also requires the presence of both Na and K. N3ATP is also a substrate for the partially purified, ouabain-sensitive ATPase from duck salt gland. Our studies have shown that the apparent Km of N3ATP with the Na,K-ATPase from human red cell ghosts and duck salt gland is similar to that of ATP (approximately 0.1 mM). This value is in agreement with other published results, especially when one considers the effect that varying potassium concentration has on the apparent Km of ATP (18) . Inactivtion of the ATPase Activities by Photolysis with N3ATP. The Mg-ATPase and Na,K-ATPase activities are inhibited by UV light if treated as given in Table 2 . Both adenosine and ATP protect against this inactivation, with ATP being the better protector at equal concentrations. This indicates that ATP protects by absorbing UW light while unbound, like adenosine, and in addition further protects the enzyme by binding to the active site. Photolysis in the presence of N;ATP results in a marked inhibition of both ATPase activities at levels considerably below that obtained in the absence of this reagent. ATP protects the Na,K-ATPase from this inhibition to a much greater extent than it protects the Mg-ATPase (Table 2) . This is to be expected since equal concentrations of ATP decrease hydrolysis of N3ATP by the Na,K-ATPase to a greater degree than they decrease hydrolysis by the Mg-ATPase (Fig. 3) taken for ATPase assay 4 ouabain. The final 0.5-ml fraction was precipitated and washed twice with 10 ml of 6% perchloric acid, 00, containing 1 mM ATP. The perchloric acid precipitate was dissolved in 0.5 ml of Nuclear Chicago solubilizer and added to 10 ml of Bray's solution for measurement of radioactivity (16) .
ratio of ATP to N3ATP (as given in Fig. 4 Fig. 2 legend) and assayed for ATPase activity as given in Fig. 2 drolysis and optimum N3ATP photo-catalyzed inhibition). Under these conditions the relationship between nmoles N3ATP bound per mg of ghost protein and inhibition of Na,K-ATPase was found to be linear. The Mg-ATPase was inhibited to a greater degree than the Na,K-ATPase. This is the opposite result obtained in the absence of ATP but predictable, since ATP competes more effectively with N3ATP for the active site of the Na,K-ATPase than it does for the active site of the Mg-ATPase (Fig. 3) . To insure that the radioactivity incorporated was due to photo-catalyzed binding and not to enzymatic phosphorylation, the membranes were treated with nonradioactive ATP as given in the legend of Fig. 4 .
In a control with [#,,y-32P]N3ATP, but without photolysis, less than 2% of 32P was incorporated when, compared to an identical photolyzed system. In another experiment the amount of 32p incorporation was shown to be linearly dependent on the length of time of photolysis. Photolysis caused no inhibition of ATPase activity if N3ATP was replaced by ATP (under conditions given for Fig. 4 ). These results indicate that (Table 3) . These results show that most of the 32p incorporation requires UV light and is decreased by 40% when ATP is Procedure: The photolysis system contained 10 mM Tris -HCl, pH 7.4, 3.87 mg of ghost protein, 40 mM NaCi, 20 mM KC1, 2.5 mM MgCl2, 0.5 mM N3ATP, and 1.0 mM ATP. Photolysis was for 60 min at 00. Then the ghosts were washed three times with 20 mM Tris .HCl, pH 7.4, 1 mM ATP followed by two washes with a 6% perchloric acid, 0.1 mM ATP solution at 00. The precipitated protein was dissolved in 0.5 ml of Nuclear Chicago solubilizer and its radioactivity measured in Fluortoluene. Specific activity of NATP = 467 cpm/nmole. present. No radioactivity is incorporated onto ghosts when N3ATP is previously photolyzed before addition of the ghosts. Experiments using autoradiography of sodium dodecyl sulfate-polyacrylamide gels on which ghosts labeled with N3ATP have been electrophoresed indicate that most of the label is incorporated into three regions. These regions coincide with bands II, III, and V [using the nomenclature of Fairbanks et al. (17)]. ATP, at approximately four times the NSATP concentration, decreased incorporation into these bands below the level detectable by autoradiography (Fig. 5) .
It is not surprising that the proteins in bands II and III were labeled by N3ATP, since these bands are known to contain components that are phosphorylated with ['y-32P]ATP (16, (19) (20) (21) (22) . Band II is also thought to be the divalent (Mg or Ca) metal ion ATPase (23) . Band III is known to contain the protein whose phosphorylation is specifically stimulated by Na and Mg (16) . It also contains the major glycoprotein of red cells and perhaps other proteins as well.
The protein in band V has a molecular weight of approximately 41,300 and is one of the ghost proteins eluted by low ionic strength washes (17) . Its identity is not known to us at this time.
DISCUSSION
The results in this paper show that a photo-affinity analog of ATP has been synthesized which (a) is a substrate for the NaK-and Mg-ATPases in the absence of UV light and (b) irreversibly inhibits these ATPases by forming a covalent bond on photolysis with UV light. [j%,-y32PIN3ATP was used in the labeling experiments because it is the radioactively labeled species most easily made in large amounts with high specific activity. The use of this compound raises the possibility that 32p incorporation was due to enzymatic phosphorylation of proteins and not due to photo-catalyzed binding through a nitrene intermediate. However, the following data indicate that the 32p incorporation is not due to an enzyme mechanism: (1) photolysis was required for label incorporation, (2) photolysis of N3ATP before addition of membranes decreased label incorporation over 95%, (3) Fig. 4 show a linear relationship between N3ATP incorporation and inhibition of Na,KATPase activity. We do not believe that this should be interpreted as a measure of the ATP hydrolyzing sites per milligram ghost protein (at 100% inhibition at least 106 sites per ghost would be labeled), even considering the possibility of labeling several ATPases. For determination of the exact number of sites labeled the radioactivity should be located on the adenine ring of N3ATP, since the phosphates of this compound are relatively labile. The large amount of N3ATP bound is not surprising in view of the fact that others have reported large quantities of ATP (6 X 105 molecules per ghost at 1 mM free ATP) reversibly bound to red cell ghosts (15, (24) (25) (26) , some of which may be combined in membrane pools that have been proposed to exist in association with the Na-K pump (27, 28) . The fact that Mg is required for correlation of percent labeling with percent inhibition, as well as for substrate hydrolysis, indicates that Mg-N3ATP is interacting at the active site of the ATPases. Therefore, N3ATP may also be used to label the active sites of various enzymes that require ATP. It should be noted that with each different enzyme system the degree of specific labeling will depend on the binding constant of N3ATP and medium conditions (i.e., presence of protecting factors, pH, temperature, etc.) during photolysis. For example, with N3ATP the degree of nonspecific labeling can be partially controlled by adding segments of the parent compound (i.e., adenosine, AMP, PPi, etc.) to a concentration just below the point where they start to prevent interaction of N3ATP with the active site. Using this procedure we have found that adenosine greatly reduces the amount of covalent incorporation of N3ATP required to give a specific degree of inhibition of the ATPase activities. Scavengers, as reported by others, may also be used to decrease nonspecific labeling (9) . However, the scavengers should not compete with the photoreagent for binding at the active site or preferentially bind the photo-reagent (as bovine-serum albumin does with N3ATP and N3ADP, unpublished results). In cases where the photoreagent binds reversibly with high affinity, e.g., N3-cyclic-AMP, the need for protector molecules or scavengers is minimized (B. Haley, manuscript in preparation). 
N3ATP is not

